The study was conducted to evaluate in vitro pollen germination of 50 spring wheat (Triticum aestivum L.) accessions at three storage temperatures (23 °C, 5 °C, and -20 °C). Germination of the mature pollen was measured right after harvest (0 time), and 24, 48, and 72 h after storage (HAS). Differences in fresh pollen germination between accessions were significant and ranged from 21.15% to 1.09%. Pollen germination was the lowest at 24 h at room temperature. The pollens of 24 wheat accessions (AAC Scotia, AW636, AW725, AW780, AW804, AW822, AW823, Brookfield, BRS Pardela, ECSW05, ECSW38, ECSW48, ECSW49, ECSW69, Hoffman, Kleos, Major, Nass, 12NQW-237, 12NQW-413, 12NQW-414, 12NQW-436, 12NQW-754, and 12BW0374) were viable after 24 h when they were stored at 5 °C. Sub-zero temperature did not prolong pollen viability.
Introduction
In breeding programs, pollen viability and germination studies are very important for assessing the amount of pollen required for controlled pollination. The protection and preservation of pollen grain viability and longevity is of great importance to plant breeders to overcome barriers to hybridization between plants and species with different flowering times or mature plants growing in different regions (Yoshiji & Shiokawa, 1992) . The viability of pollen among plant species is variable. Creeping bent grass (Agrostis stolonifera L.) pollen lost viability dramatically within the first 1.5 h of storage and completely lost its viability after 3 h of storage (Fei & Nelson, 2003) . Maize pollen lost viability after 2 h under field conditions (Luna et al., 2001) . The viability of pollen is greatly influenced by temperature, humidity, and genotype (Koubourisa, 2009) . In most species, low temperatures and low relative humidity are favourable for pollen longevity except in the Poaceae, which requires low temperatures and high relative humidity (Adhikari & Campbell, 1998) . Storage at low temperatures under low humidity has been reported to be successful in preserving Lilium species pollen (Saxena & Saini, 1979) . Adhikari and Campbell (1998) in buckwheat suggested that a high relative humidity was required to retain the viability of pollen grain.
One of the biggest problems in wheat breeding programs is genetic variation in flowering time between elite parents. Wheat breeders may overcome differences in flowering times by storing pollen of the desired male parents until pollination can be performed. There is a general idea among wheat breeders that wheat pollen is very short lived and might be a limiting factor in the economical production of hybrid seed (Fritz & Lukaszewski, 1989) . However, there are only a few reports available on optimum storage conditions for wheat pollen grain. Fritz and Lukaszewski (1989) reported that seed set in hexapoloid wheat (Triticum aestivum L.) spring cultivars decreased from 100% to less than 10% when pollination took place using pollen stored for 45 minutes. Athwal and Kimber (1970) reported no seed set on "Chinese Spring" wheat when pollinations were made only 5 minutes after anther dehiscence.
Pollen viability can be assessed through in vivo and in vitro germination tests, staining with nuclear and vital dyes, and analyzing the final seed set (Heslop-Harrison et al., 1984; Razora & Zsuffa, 1986) . However, among the methods used in previous studies for assessing stored pollen, in vitro pollen germination and staining have been shown to correlate well with fertile seed yield following controlled hand pollination (Sedgley et al., 1992) .
The objective of the present study was to determine in vitro pollen germination of 50 spring wheat accessions at three storage temperatures and different time.
Materials and Methods
The experiment was conducted at the Ottawa Research and Development Centre greenhouse (45°23′32.9″N 75°43′01.6″W). The greenhouse was maintained at a temperature of 18-21 °C (day and night temperature, respectively), with 16 h photoperiod using a light intensity of 9000 lux, between October 2016 and February 2017.
Seeds of 50 randomly selected wheat (Triticum aestivum L.) accessions collected from different breeding programs were sown in 6-inch fibre pots (12 cm height × 13 cm diameter) containing 600 g of growth media (Pro-mix PGX, Premier, Peat Ltd., Riviere-du-Loup, Quebec, Canada).
Spikes harvested at anthesis were collected and kept in a plastic bag, and then immediately carried to the laboratory. Anthers on the middle portion of the spike of each accessions were collected and placed in eppendorf tubes and stored at room temperature (23 °C), 5 °C, and -20 °C for 0, 24, 48, or 72 h. Prior to germination tests, the pollens that were stored at 5 °C or -20 °C were warmed at room temperature for 10 min before evaluating in vitro pollen germination. The layout was a (50 × 3 × 4) factorial experiment in a completely randomized design with three replications.
For in vitro germination, pollen was dusted onto microscope slide with 1-2 drops of a liquid germination medium. A modified pollen germination medium based on those described by Ge et al. (2011) was used. The growth medium consisted of 0.8 M sucrose, 1.28 mM boric acid, and 1.27 mM calcium nitrate. Since the appropriate temperature for wheat pollen germination was found between 21 °C and 25 °C (Fritz & Lukaszewski, 1989; Cheng & McComb, 1992) slides were incubated at room temperature. After 30 minutes, pollen germination was examined under a microscope. Pollen grains were considered as germinated when the length of the pollen tube exceeded its diameter.
The data were subjected to factorial analysis of variance (ANOVA) with accessions, storage temperature, and storage time as the main factors. Statistical analysis was performed using the SAS and means were compared using the least significant differences (LSD) test at p = 0.05.
Results and Discussion
Pollen germination was significantly different among the tested accessions (Table 1) . The results showed that the percentage of pollen germination was variable among different accessions and was less than 22% in all of them. "13NQW-754", "12NQW-436" and "ECSW48" revealed the highest pollen germination (21.15%, 19.62%, and 19.33%, respectively), and the lowest rate was determined in "12BW0274" and "QB(2)-126-15" (1.33% and 1.09%, respectively) (Figure 1 ). In agreement with the present results, Cheng and McComb (1992) reported that in wheat, the in vitro condition of pollen grains gave low and variable germination with a maximum 6.8% germination. Mature wheat pollen grain has three nuclei (one vegetative and two generative nuclei) and known as trinucleate pollen (Goss, 1968) . Devrnja et al. (2012) reported that compared with binucleate pollens, trinucleate pollens have a very short lifespan but germinate at a faster rate. Mulcahy and Mulcahy (1988) also reported that species with trinucleate pollen show some problems developing pollen tubes in in vitro conditions. Storage temperature significantly influenced pollen germination (Table 1) . Results of pollen germination after storage at 23 °C, 5 °C, and -20 °C showed the highest pollen germination was obtained at 5 °C (8.95%). There were no significant differences between pollens stored at 23 °C and -20 °C in the percentage of pollen germination (Table 2 ). In agreement with the present results, D'Souza (1970) reported that pollen viability in wheat was prolonged after it was stored at 2 °C to 5 °C. The loss of pollen germination at a sub-zero temperature (-20 °C) observed in the present study may be attributed to the freezing and thawing of pollen grains. Bhat et al. (2012) reported that sub-zero temperatures might have led to intracellular ice formation, cell death, and thereby loss of germination. Figure 1 . In vitro pollen germination of 50 wheat accessions
Pollen germination was significantly affected by storage time (Table 1 ). The percentage of pollen germination of all accessions under all storage temperatures rapidly decreased over the duration of the study. The results showed that pollen germination at hour 0 (fresh pollen) was 32.37%; it sharply decreased at 24 hours after storage (HAS) (1.64%), and then reached 0% at 48 and 72 HAS (Table 2) . Our findings support the results of Parzies et al. (2005) , who reported that in a barley genotype originating from semi-arid regions, pollen viability was reduced from more than 90% after anthesis to less than 50% within 24 h. Our results were also consistent with previous reports on other cereal species, which showed that the pollen grains of plants such as sorghum and maize are extremely short-lived, with longevities ranging from several minutes to several hours (Luna et al., 2001; Tuinstra & Wedel, 2000) . There was a significant interaction between genotype and storage time (Table 1) . At 0 HAS, the pollen grain of all accessions was variable and "13NQW-754" showed maximum pollen germination (84.60%), compared poor germination observed in "12BW0274" and "QB(2)-126-15" (5.33% and 4.37%, respectively) (data not shown).
At 5 °C, pollen remained viable only in less than 50% of accessions (24 accessions) within 24 HAS. Among accessions with viable pollen, "ECSW 48" showed the highest pollen germination (16%), while the lowest germination was observed in "12 NQW-414" (0.56%) (data not shown). There was a significant interaction between storage time and storage temperature ( Table 1) . Loss of pollen viability was higher in pollen grain stored at room temperature and -20 °C where 0% pollen viability was achieved after 48 h storage. Results of pollen germination within 24 HAS at 23 °C, 5 °C, and -20 °C showed a significantly higher pollen germination of pollen stored at 5 °C (3.23%) (Figure 2 ). From the results of this study, it can be concluded that pollen germination was completely lost for all genotypes within 24 h at room temperature. Pollen of 24 wheat accessions was viable for 24 h when stored at 5 °C.
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